Although the diversity of neocortical and hippocampal GABAergic interneurons is recognized in terms of their anatomical, molecular and functional properties, principal cells are usually assumed to constitute homogenous populations. However, even within a single layer, subpopulations of principal cells can often be differentiated by their distinct long-range projection targets. Such subpopulations of principal cells can have different local connection properties and excitatory inputs, forming subnetworks that may serve as separate informationprocessing channels. Interestingly, as reviewed here, recent evidence has revealed specific instances where interneuron cell types selectively innervated distinct subpopulations of principal cells, targeting only those with particular long-distance projection targets. This organization represents a novel form of interneuron specialization, providing interneurons with the potential to selectively regulate specific information-processing streams.
Introduction
In the cerebral cortex, interneuron cell types are specialized to deliver GABA at particular times to select spatial domains along the somato-dendritic axis of principal cells (PC). In area CA1 of the hippocampus alone, there are at least 21 recognized types of inhibitory interneuron, which are distinguished by their anatomical features (e.g. domain-specific innervation of postsynaptic cells), molecular characteristics (e.g. expression of calcium-binding proteins, neuropeptides and transcription factors) and functional properties (e.g. intrinsic electrophysiological properties and the phase-specific firing during hippocampal network oscillations) [1] [2] [3] (Box 1). In contrast to this well-recognized interneuronal diversity, excitatory PCs are often tacitly regarded as a de facto homogenous population, where the differences among the cells are assumed to be relatively subtle and functionally inconsequential, especially in terms of the integration of the PCs with local interneurons into cortical microcircuits.
However, there is accumulating evidence and a concomitantly emerging recognition that, even within a single cortical or hippocampal layer, PCs can in fact be surprisingly diverse, as illustrated by the heterogeneous expression of specific cellular markers (see below) and the different long-distance axonal projection targets. Importantly, recent data also indicate that such subpopulations of PCs with different long-distance axonal projection patterns may also differ in their local connectivity [4] [5] [6] [7] [8] [9] and in the excitatory inputs that they receive [9] [10] [11] [12] [13] . Such findings suggest that these subpopulations of PCs form distinct excitatory subnetworks that participate in functionally different information-processing streams.
How do such excitatory subnetworks formed by PCs with different projection targets integrate with local GABAergic microcircuits? Interestingly, recent evidence discussed below indicates that at least some interneuron cell types in certain brain areas are capable of selectively innervating a subset of glutamatergic cells from the available pool of PCs, targeting only those with specific longdistance projection targets. In this way, such local GABAergic cells show selectivity not only in where along the axo-somato-dendritic axis of the postsynaptic PCs they synapse and at which preferred temporal window they release GABA during hippocampal oscillations [14] , but also in the distinct subpopulations of postsynaptic PCs that they actually innervate and, consequently, which excitatory long-distance projections they may selectively regulate.
The latter form of interneuronal selectivity represents a unique, previously unrecognized, form of GABAergic microcircuit specialization. Furthermore, by selectively innervating subpopulations of PCs defined by their longrange project targets, distinct interneurons may selectively regulate specific subnetworks and information-processing channels. In addition, such hitherto unrecognized interneuronal organization selective for PC subcircuits within a given layer or area would have consequences not only for normal circuit functions, but also for the various neurobiological disorders in which interneurons are altered [15] . Here, we discuss the evidence for interneuronal cell typespecific regulation of subpopulations of PCs defined by their long-distance projection targets, and consider the functional implications of the selective innervation of PC subnetworks by specific interneuronal subtypes.
Quo vadis, principal cell?
Based on the presently available data, there appear to be two main variations in local connection selectivity between subpopulations of PCs with distinct long-distance projection targets (Figure 1 ). First, PCs may preferentially partner with members of the same subpopulation (i.e. with cells
Box 1. Introduction to interneuron diversity and classification
GABAergic interneurons can be classified by their anatomical, molecular and functional properties [1, 104] . Interneurons target distinct regions along the axo-somato-dendritic axes of PCs and can be classified anatomically into three broad categories: (i) perisomatically targeting (including BC and axoaxonic cells; reviewed in [47, 87] ); (ii) dendritically targeting (an especially diverse category; reviewed in [14] ); and (iii) interneuron targeting (which do not target PCs) [44, 45] . Interneurons can also be divided by the molecular markers they express, such as PV, CCK, neuropeptide Y (NPY), nitric oxide synthase (NOS), vasoactive intestinal peptide (VIP), calbindin, calretinin and reelin. Intrinsic electrophysiological properties (including firing patterns in response to depolarizing current steps) and phase-specific firing during network oscillations are also used to distinguish interneuron cell types [1] [2] [3] . Figure I illustrates some of these characteristics for a small subset of interneuron cell types. Importantly, different interneurons also differ in the receptors for various neuromodulators, including opioids and endocannabinoids.
[ ( B o x _ 1 ) T D $ F I G ] , and target distinct regions along the axo-somato-dendritic axis of postsynaptic principal cells (PC). These cell types can also be further subdivided, for example by additional molecular markers or developmental origin. (b) SCA cells are dendritically targeting, display an adapting firing pattern in response to a depolarizing current step (inset), are CCK+ (inset) [105, 106] , express cannabinoid type 1 (CB1) receptors and are indirectly inhibited by the neuropeptide CCK [33, 34] . It remains to be established how these cells fire in relation to in vivo network oscillations. (c) NGFs target distal dendrites, have a dense axonal plexus and often express NPY but not PV [107] (inset). NGFs additionally express mu opioid receptors (MORs) [108] and preferentially fire just after the peak of theta (u; the dot indicates the relative time of peak firing rates), and show strong gamma modulation (g; depth of g modulation 'r' greater than 0.2, thick green line indicates the approximate range observed across NGFs), firing at the trough of locally recorded gamma oscillations [59] . The firing rate of NGFs either decreases or remains unchanged during sharp wave-associated ripples (RP) [59] . (Note that for all other example cell types illustrated, g and u are both relative to striatum pyramidale. In addition, in each panel, reconstructions, firing pattern and immunocytochemistry are from one example cell recorded in vitro, whereas in vivo firing preferences are represented for the interneuron class, rather than a specific example cell). (d) Ivy cells target proximal dendrites and, similar to NGFs, have a dense axonal plexus, display a late spiking firing pattern (inset) and express MORs [108] and NPY, but not PV [109] . Ivy cells are strongly g modulated, and fire near the trough of both g and u oscillations [109] . Firing rates of Ivy cells are unchanged during sharp wave-associated RP [109] . (e) PV+ BCs target PCs perisomatically, display a non-adapting high-frequency train of action potentials in response to a depolarizing current step [fast spiking (FS); (inset)], express MORs but not CB1 receptors [77, 108] and are directly depolarized (excited) by CCK via G i/o -coupled CCK2 receptors [72, 74] . PV+ BCs preferentially fire just after the peak of u and are moderately modulated by g, preferentially firing during the rising phase of g (depth of g modulation 'r' between 0.1 and 0.2, indicated by the moderately thick red line) [3, 110] . PV+ BCs show an increase in firing rate during RP. (f) CCK+ BCs display an adapting, low-frequency, regular spiking (RS) firing pattern (inset). Unlike PV+ BCs, CCK+ BCs express CB1 receptors, but rarely MORs [31, 32, 35, 77] . CCK+ BCs are indirectly inhibited (via endocannabinoids) by the neuropeptide CCK [31] [32] [33] [34] 72, 73] . Some CCK+ BCs express the vesicular glutamate transporter VGLUT3 (not illustrated here, but see Figure 2 ) [18, 103] . CCK+ BCs preferentially fire just prior to the peak of u [3] , are modulated by g, although less so than some other interneurons (depth of g modulation 'r' less than 0.1, thin blue line), and fire near the trough of g oscillations [110] . CCK+ BCs do not show increased firing rates during ripples. (g) Bistratified cells are so called because their axons target pyramidal cell dendrites in both stratum radiatum and stratum oriens. Bistratified cells express PV (in addition to other molecular markers, including NPY, not illustrated [1, 14] ) and display an FS firing pattern. Unlike PV+ BCs, bistratified cells do not express functional CCK2 receptors [74] . Note that the axons of bistratified cells produce a less dense plexus than seen for Ivy cells [109] . Bistratified cells fire near the trough of u, and highly modulated by g, firing on the rising phase of g [3, 110] . These cells increase their firing during RP. Reconstructions: soma and dendrites color-coded to match schematic in (a); axons in black; scale bars = 50 mm. Note that (b,e) are from rat [33, 74] that have similar long-distance axonal projection target areas). Second, cells of one PC population can innervate other PCs within the same layer or area that project to a different long-range target, rather than preferentially synapsing on members of their own subpopulation. An example of the first scenario has been reported to take place in layer 5 of the frontal cortex, where pyramidal neurons projecting to the pons provide strong local excitatory input to cells that also project to the pons, while avoiding neighboring cells that project bilaterally to the striatum [4, 5] ( Figure 1a) . Importantly, the excitatory input to these layer 5 PCs from layer 2/3 also segregates based on the long-distance projection targets of the PCs. Namely, a given layer 2/3 excitatory cell is more likely to innervate two layer 5 PCs if those PCs are themselves connected [10, 16] .
Regarding the second organizational motif of selective local excitatory connectivity, a recently reported and particularly striking example comes from experiments performed in layer 5 of the visual cortex, where PCs projecting to the contralateral cortex preferentially target neighboring cells that project to the tectum, rather than other corticocortical cells [6] (Figure 1b ). Although these two examples of excitatory connection schemes illustrated in Figure 1 differ regarding which population of PCs is preferentially targeted, they are both examples of local excitatory connectivity between PCs being determined by the longdistance projection targets of both the pre-and postsynaptic cells. This may be a recurring theme in excitatory circuitry organization, as indicating by similar examples uncovered in a variety of layers and brain areas [7] [8] [9] 11, 13] .
As noted above, in addition to long-distance projection targets, subpopulations of excitatory projection neurons within a given layer or area may also be distinguished by their anatomical, molecular and functional properties [17] [18] [19] . For example, pyramidal cells in area CA1 of the hippocampus are known to differ in their calbindin expression [20, 21] and zinc content [22] , and more recent data indicate that CA1 pyramidal cells display distinct behavioral state-dependent firing properties during hippocampal oscillations [23] . Interestingly, developmental origin and time of birth may be an important determinant of excitatory subnetworks. This is illustrated by the fact that radially aligned sister cells (i.e. excitatory neurons from the same progenitor mother cell) form connections across cortical layers with their sister cells, rather than with nonsibling cells [24] , even when the non-sibling cells show dendritic overlap with the connected sister cell. In the hippocampal formation, a similar form of subnetworks has been recently described [25] , where the relative time of the birth of the cell directs connectivity and dictates which excitatory granule cells in the dentate connect to which pyramidal cells in CA3 and, in turn, which pyramidal cells in CA1 these CA3 cells project to. These subpopulations of cells in the hippocampus also showed distinct molecular profiles, with unique gene expression patterns. Future studies will need to not only integrate these sister cell-related and time of birth-based subnetworks within the connectivity schemes based on PC long-distance projection targets, but also address the role of activity-dependent refinement of connections and the integration of adult-born neurons into existing neuronal networks [26] .
Is there a different local interneuronal microcircuit for each PC subclass defined by long-distance projection targets? In contrast to the growing evidence of the extent and importance of excitatory subnetworks, the relationship of the local GABAergic connections to these connectivity schemes remains largely unexplored. How do GABAergic interneurons fit into such glutamatergic subnetworks? What sort of selectivity do interneurons show in their connections with heterogeneous postsynaptic PC populations? The unstated but widely held assumption is that different classes of interneurons, although highly specialized in terms of their innervation of distinct segments of the axo-somato-dendritic axes of the postsynaptic PCs, form GABAergic synapses with individual PCs within their axonal arbors without any apparent selectivity. However, there is increasing evidence that at least some GABAergic neurons in some brain areas show selectivity for specific PCs defined by their long-distance projection targets, with unique interneuronal subtypes specialized to modulate select glutamatergic subnetworks.
Perhaps the most unambiguous example of such a novel form of interneuronal specialization is that which has been In the second connectivity motif, one subpopulation of PCs instead preferentially connects to PCs with a different long-distance projection target. An example of this second connectivity motif from layer 5 of the visual cortex is illustrated. Pyramidal cells projecting to the contralateral cortex (CC; dark blue) preferentially target neighboring cells that project to the tectum (CT; green), rather than other CC neurons [6] . Note that both schemes suggest that local glutamatergic connectivity between PCs depends on the long-distance projection targets of both the pre-and postsynaptic cell.
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Trends in Neurosciences March 2012, Vol. 35, No. 3 recently reported to occur in the medial entorhinal cortex (MEC) [18] . Specifically, in layer 2 of the MEC there are two, seemingly intermingled, distinct populations of PCs defined by their long-distance projection targets [18] ( Figure 2 ). One population of glutamatergic PCs gives rise to the classical perforant path (i.e. they project to the ipsilateral hippocampal formation) and expresses reelin. The second, considerably less appreciated or studied population, projects to the contralateral EC and expresses calbindin. Importantly, the two populations of PCs in the MEC defined by their long-distance projection targets were also found to differ in their electrophysiological properties [18] , and may correspond to the morphologically defined stellate and non-stellate cells [27, 28] that have been shown to have differences in their excitatory inputs [12] . It remains to be determined how these cell populations relate to functionally defined MEC cell populations in layer 2 (i.e. grid [29] and border cells [30] ). Taken together, layer 2 of MEC represents an example of seemingly intermingled PC types that differ in: (i) electrophysiological properties (ii) morphology, (iii) neurochemical markers, (iv) excitatory input and, importantly, (v) their longdistance projection targets. Remarkably, it was found that cholecystokinin-expressing (CCK+) GABAergic basket cells (BCs), one of the major subtypes of perisomatically projecting interneurons (Box 1), selectively innervate those PCs in layer 2 of the MEC that project to the contralateral EC, while avoiding neighboring cells that project to the ipsilateral dentate gyrus [18] . Interestingly, CCK+ BC terminals are known to express high levels of cannabinoid type 1 (CB1) receptors, which regulate the release of GABA in both tonic and activity-dependent manners [31] [32] [33] [34] [35] . As expected, brief depolarization (used to trigger the synthesis and release of endocannabinoids [36, 37] ) of calbindin-positive, contralaterally projecting, but not reelin-positive, ipsilaterally projecting layer 2 MEC PCs resulted in the transient inhibition of GABA release from the CCK+/CB1+ BC terminals [18] . Owing to the selective innervation by CCK+ BCs of the calbindin-positive PCs projecting to the contralateral cortex, activation of CB1 receptors in the MEC cortex under physiological conditions in vivo (e.g. during grid cell activation characterized by repetitive firing of layer 2 cells during locomotion [29] ) would be expected to modulate preferentially information transfer to the contralateral EC. Although the latter specific prediction will need to be rigorously tested, the organization of the selective CCK+ BC innervation of subnetworks of PCs indicates that specific interneurons may produce selective modulation of particular information-processing streams.
Just how widespread is the phenomenon of interneurons selectively innervating only one subgroup, and not the other subgroups, of PCs, as differentiated by their longdistance projection patterns? Do subnetworks in other areas also have such dedicated interneuron cell types? Do interneuron cell types other than CCK+ BCs selectively innervate subpopulations of PCs in the MEC and beyond? Although this is clearly a field that requires future studies, there are already interesting indications that various degrees of interneuronal selectivity for subgroups of heterogeneous PCs may in fact be a general phenomenon. First, in the visual cortex, corticocortical cells have been reported to receive over eight times as many inputs onto their axon initial segments from axoaxonic (chandelier) cells than do corticothalamic cells [38] . Although not quite as stark a difference as indicated by the findings in the MEC discussed above, the apparently preferential targeting of a subpopulation of PCs defined by their long-distance projection targets by axoaxonic cells indicates that this form of interneuronal specialization may not be unique to CCK+ BCs (as axoaxonic cells may also preferentially innervate subpopulations of PCs) or to the MEC (as it is also observed in the visual cortex). There are also additional indications of this novel manifestation of interneuronal specialization in other brain areas [8, [39] [40] [41] [42] [43] . For example, differences in GABAergic inhibition of excitatory subnetworks have been noted in layer 5 of rat somatosensory cortex, where stimulation of a PC projecting to subcortical regions was found to produce disynaptic inhibition in a second PC with the same long-distance projection [8] . Importantly, however, disynaptic inhibition was not observed when dual recordings were made instead from two cells projecting to the contralateral hemisphere; this could reflect differences in the inhibitory innervation of these PCs and/or differences in input to the inhibitory neurons themselves.
It should also be noted that, although the concept of interneurons selectively innervating subpopulations of PCs based on their long-distance projection targets is novel, interneurons clearly show cell type-level target selectivity more generally. Beyond where on a postsynaptic cell interneurons form input synapses (e.g. somatic versus distal dendritic; Figure 3 ), some interneurons are also known to show selectivity regarding which postsynaptic cells they target, especially when it comes to the innervation of other interneurons. The most salient of these are the connections formed by interneuron-selective interneurons [44, 45] . As their name suggests, these interneurons selectively target other interneurons, rather than excitatory neurons. Another case of interneurons showing synapse selectivity can be seen in cortical low-threshold spiking (LTS) cells, which inhibit PCs and fast-spiking (FS) interneurons, but only rarely other LTS cells [46] . Although these are both examples of target selectivity when the target is also an inhibitory interneuron, they are clear indications that interneurons are capable of selectively innervating subsets of cells from a population of neurons, even when diverse cell types are physically intermingled.
A spectrum of interneuronal target selectivity for PC subpopulations?
The examples above support the possibility that the finding of interneurons targeting discrete subpopulations of PCs may extend beyond the MEC and CCK+ BCs. However, it is likely that only some interneuron cell types will selectively inhibit PCs with a particular long-distance projection target. Other interneurons may show less selectivity and instead provide inhibition to diverse postsynaptic populations. In the CA1 region, for example, a form of inhibition that was most likely mediated by FS, parvalbumin (PV)-expressing BCs (the other major type of BCs, which show sharply distinct properties with respect to the CCK+ BCs [47] ) was found to be homogenous across neighboring PCs [48] . In general, FS BCs show high connectivity rates [49, 50] , which may at first glance suggest limited selectivity in their connections, although it does not necessarily rule it out. Indeed, a study of FS neurons in layer 2/ 3 of rat visual cortex found that FS cells preferentially connected to PCs that excited them (forming reciprocal connections) [43] . Moreover, these cells with reciprocal connections also shared additional excitatory inputs and, thus, can be viewed as being part of the same informationprocessing stream. Therefore, even when an interneuron type shows high connectivity rates, it does not exclude their preferential involvement in particular fine-scale subnetworks. Additionally, there may be regional differences in target selectivity. For example, FS cells in the striatum preferentially target medium spiny neurons (MSNs) projecting to the substantia nigra pars reticulata (SNr) over MSNs that project instead to the globus pallidus [51] . In contrast, it was recently reported that in layer 2/3 of mouse frontal cortex, PV+ FS cells show a >75% connection rate with PCs within 200 mm, possibly indicating nonspecific, or blanket inhibition [50] . These regional differences in FS target selectivity extend beyond the striatum versus superficial frontal cortex; in the latter study, PV+ FS to PC connection rates were also studied in additional cortical layers and areas, and significant differences in connection rates were found [50] . It is also important to note that a high rate of connectivity with PCs is not seen for all interneuron types. A study that directly compared the connection rate between either an FS cell or a CB1+ cell and PCs in layer 2/3 found that FS cells formed connections with PCs at a significantly higher rate than did CB1+ cells [52] . Not only did individual FS cells inhibit nearly twice as many PCs as CB1+ cells did, but FS cells also received substantially more local excitatory input than did CB1+ cells (25% connection rate for PCs to FS cells, versus a mere 4.5% connection rate for PCs to CB1+ cells). Similarly, in the hippocampus, PV+ BCs received more excitatory inputs than did CCK+ BCs [53, 54] , although unexpected differences in the strength of the excitatory inputs to these two types of BC have also been reported [55] . Taken together, these data suggest not only selectivity in terms of precisely which PCs CB1+ cells actually target, but also which PCs provide input to these interneurons.
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At the far end of the spectrum of specificity, it seems that neurogliaform cells (NGF) may be the most likely candidates for a relatively non-specific circuit element, inhibiting cells regardless of their long-range projection targets. Indeed, NGFs have been proposed to exert inhibition at least partially via volume transmission [56] , evoking postsynaptic responses seemingly in all cells with processes coursing through their characteristic, dense axonal clouds, resulting in unusually high connection rates in paired recordings from presynaptic NGFs and neighboring PCs [57] . Furthermore, in the hippocampal formation, axons from NGFs in CA1 and NGFs in the dentate gyrus cross the hippocampal fissure, inhibiting two clearly distinct populations of PCs (pyramidal cells in CA1 and granule cells in the dentate gyrus) [58, 59] . NGFs are also uniquely nonselective in their electrical synapses, forming gap junctions in a promiscuous manner with a variety of other interneuron cell types [58, 60, 61] . Therefore, NGFs may be the prime counterexample of selectivity for PC subgroups, potentially influencing a wide range of possible partners through electrical and chemical means of intercellular communication.
In addition to interneuron cell types that show preferential targeting of subpopulations of PCs and those that may show little or no selectivity, there is also a third (for the moment, only theoretical) possibility, namely, some cells may show selectivity at the single cell level, rather than the cell-class level. That is, as a group, interneurons of a particular cell type may inhibit all PCs in a brain area, but a given single cell from that class of interneurons may still preferentially target PCs with a particular longdistance projection. Alternatively, one can also imagine an interneuronal subtype, or an individual interneuron within a given subtype, that preferentially targets PC subnetworks distinguished in some manner other than their long-distance projections, such as birth dates [25] or neuronal lineage [24] . However, recent evidence indicates that the long-distance projections of PCs are indeed a major, developmental determinant of interneuronal selectivity. Specifically, new results show that it is the long-range projection targets of PCs, rather than strictly their time of birth, that may determine which interneurons migrate towards them during development [62] , highlighting the central role of long-range PC projections for local interneuronal circuits. The precise developmental mechanisms behind interneuron target selectivity remain to be elucidated.
Functional implications and outlook
As noted above, different excitatory subnetworks may carry different information to their respective long-distance targets and, in this way, the concept of subnetworks can be expanded to the idea of distinct information-processing streams. For example, in the visual cortex, the local connection probability between cells is correlated with the similarity of stimulus preference of those cells [63] . Additionally, in primary somatosensory cortex, cells projecting to the primary motor cortex have larger receptive fields than do neighboring cells projecting to the secondary somatosensory area [64] . Note that the differences in receptive field size could be achieved by different excitatory input [65] or, alternatively, by different inhibition [66] , potentially provided by different classes of interneuron. It will be important to determine to what extent the different receptive field sizes seen in different subpopulations of PCs are the result of the regulation of these information-processing streams by subnetwork-specific interneurons.
In cases where excitatory subnetworks have dedicated interneurons, the output of these subnetworks may be then modulated by such interneurons selectively, without globally affecting all circuits in the region. Alternatively, in those cases where the interneuron receives input instead from a network other than the one it inhibits, dedicated interneurons may also allow direct control of one subnetwork by another subnetwork. Take, for example, the case of layer 2 of the MEC discussed above, where CCK+ BCs selectively innervate PCs that project to the contralateral EC [18] . If future data indicate that CCK+ BCs receive input from the same sources as the contralaterally projecting, calbindin-positive cells that they inhibit (or even from the calbindin-positive cells themselves), CCK+ BCs would be expected to provide a mechanism for controlling the information flow to the contralateral EC, without directly affecting the relay of information from the MEC to the ipsilateral hippocampus. However, if the CCK+ BCs instead receive local excitatory inputs from the reelin-positive PCs that project to the ipsilateral hippocampus, the reelin-positive cells would both directly control layer 2 MEC output to the hippocampus (by virtue of their axons forming the perforant pathway) and indirectly (disynaptically, via CCK+ BCs) regulate communication with the contralateral EC. That is, the dedicated interneuron cell type (CCK+ BCs) would allow one subnetwork (in this example, the reelin-expressing PCs) to regulate another subnetwork (the calbindin-expressing PCs). Future studies will need to address the input to these CCK+ BCs and, thus, clarify their role in information processing in MEC. Although understanding of the nature of the selective excitatory inputs to interneurons has dramatically increased over the past few years [11, 42, 43, [67] [68] [69] [70] , additional research efforts will be needed to determine the specificity of excitatory control of interneurons dedicated to the regulation of distinct excitatory subnetworks with different longdistance projection targets.
Furthermore, modulation of such dedicated interneurons provides a mechanism for the select neuromodulation of specific subnetworks, as may be predicted from the recent report on the state-dependent changes observed for discrete subpopulations of PCs [23] . Importantly, the selective modulation of interneuron cell types is known to occur through various local and ascending neuromodulatory systems. For example, as mentioned above, CCK+ BCs, but not PV+ BCs, are inhibited by endocannabinoids [35, 71] and, as a result, those PCs that are not innervated by CCK+ BCs, but instead only by PV+ BCs, do not show endocannabinoid-mediated depolarization-induced suppression of inhibition (DSI) [18, 40] . Another example of a select modulator of interneurons is the neuropeptide CCK itself; CCK enhances output from PV+ BCs, while inhibiting GABA release from CCK+ BCs [34, [72] [73] [74] . In this way, CCK is a molecular switch, determining the source of perisomatic inhibition to PCs [72] . Moreover, given the selective innervation by CCK+ BCs in MEC, CCK may even act as a molecular switch at a larger level, deciding which PCs and, therefore, which informationprocessing streams may predominate in terms of relative activity levels at a given time. In addition, neuromodulators may not only directly regulate interneurons themselves in a specific manner, but also act selectively on the excitatory inputs to some, but not all, interneuronal subtypes [75] . It is also possible that specific subgroups of PCs are regulated differentially by neuromodulatory systems, as indicated by, for example, a recent report that PCs in the somatosensory cortex can markedly differ in their ability for endocannabinoid-mediated slow self-inhibition [76] .
Regulation of subnetworks of PCs by dedicated interneurons also provides a means to experimentally modulate select information-processing streams, even when the subnetworks are spatially intermingled. Modulation of specific types of interneurons and, thus, the specific subnetworks they regulate, could be achieved by: (i) optogenetic techniques (e.g. using specific promoters to drive opsin expression in subsets of interneurons); (ii) pharmacology, when interneuron cell-type differences are known (e.g. mu opioid receptors are found on PV+ BCs, but only rarely on CCK+ BCs [32, 77] ); or (iii) genetic manipulation (e.g. use of mice expressing tetanus toxin in cells defined by two parameters [78] ). New techniques are also emerging that may allow direct manipulation of cells defined by their long-distance projection targets, including modified rabies virus [79, 80] , transfection via wholecell recordings [81] and wheat germ agglutinin (WGA)-Cre that allows for topology-based optogenetics [82] . Importantly, these techniques will also allow further exploration of long-range GABAergic projection neurons with axons connecting distinct brain areas [55, [83] [84] [85] [86] and their integration with the specific excitatory subnetworks discussed above.
Finally, long-term alterations of specific interneuronal subtypes may occur following neuronal injury and in neurological or psychiatric disorders (reviewed in [15, [87] [88] [89] [90] ). For example, alterations of specific interneurons may be involved in autism spectrum disorders [91] [92] [93] , schizophrenia [94] [95] [96] and epilepsy [87, [97] [98] [99] [100] [101] . As to what extent such pathological long-lasting modifications may affect interneurons with selective connections to specific excitatory subnetworks is not yet understood, but selective changes to particular PC-interneuron subnetworks would be expected to have major implications for disease mechanisms (Figure 4) . Therefore, in light of the possible heterogeneity of PCs and their dedicated interneuron partners, it may be Subsets of PCs and select interneuron cell types may be altered following injury or in neurological disorders (red). If PCs are viewed as a homogenous population, these alterations to select cells may seem to be sporadic, with no apparent pattern and, therefore, specific functional consequences may be difficult to discern. (c) However, when the heterogeneity of PCS and, in particular, their distinct long-range projection targets are recognized, a clearer image may emerge. Furthermore, consideration of the potential for interneuronal cell types to selectively regulate particular subpopulations of PCs may reveal additional specificity in the alterations seen in neurological disorders. In the theoretical situation illustrated, damage or pathological plasticity is not random, but is instead selective to a particular subnetwork of excitatory neurons and the interneuronal cell type that regulates that subnetwork.
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Trends in Neurosciences March 2012, Vol. 35, No. 3 necessary to reassess injury-related cell loss or persistent pathological plasticity at the level of specific subnetworks associated with distinct long-distance projection targets, as opposed to the current practice of averaging such changes across the neuronal population within a given layer or brain area. For example, as noted above, in control conditions, FS cells in the striatum preferentially target MSNs projecting to the SNr [51] . However, after dopamine depletion, FS cells display axonal sprouting and FS input (as measured by the connection rate) to MSNs projecting to the globus pallidus is selectively increased (whereas input to MSNs projecting to SNr is unchanged) [102] . Moreover, this alteration of target selectivity may be sufficient to enhance synchrony in these networks [102] .
Concluding remarks
In summary, some interneuron cell types may selectively target specific subsets of PCs, rather than providing blanket inhibition to all PCs regardless of their long-range projection targets. In doing so, these interneurons may provide tools to alter physically intermingled information processing streams selectively. Ultimately, understanding cortical networks and associated pathological alterations will require greater knowledge of interneuron target cell specificity.
